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ABSTRACT: Accuracy and bias of EBV are im-
portant measures of the quality of genetic evaluations.
A sampling method that accounts for the uncertainty
in the estimation of genetic group effects was used to
calculate accuracy and bias of estimated effects. The
method works by repeatedly simulating phenotypes for
multiple traits for a defined data and pedigree struc-
ture. These simulated values are analyzed using BLUP
with genetic groups in the relationship matrix. Accura-
cies and biases are then calculated as correlations
among and differences between true and estimated val-
ues across all replicates, respectively. The method was
applied to the Irish beef production data set for 15 traits
and with 15 genetic groups to account for differences
in breed means. Accuracy and bias of estimated genetic
group effects, estimated comparisons between genetic
group effects, EBV within genetic group, and EBV
across genetic group were calculated. Small biases were
detected for most estimated genetic group effects and
most estimated comparisons between genetic group ef-
fects. Most of these were not important relative to the
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INTRODUCTION
The quality of genetic evaluations is reflected by
the accuracy and bias of estimated effects. Accuracy
reflects the quality and quantity of the data, whereas
bias reflects the systematic estimation error. When
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phenotypic SD of the traits involved. For example, a
bias of 0.78% of the phenotypic SD was detected for
carcass conformation in Aberdeen Angus. However, one
trait, calf quality, which had few performance records
in the data set, displayed larger bias, ranging from
−10.31 to 5.85% of the phenotypic SD across the differ-
ent estimated genetic group effects. Large differences
were observed in the accuracies of genetic group effects,
ranging from 0.02 for feed intake in Holstein, which
had no data recorded, to >0.97 for carcass conformation,
a trait with large amounts of data recorded in the differ-
ent genetic groups. Large differences were also ob-
served in the accuracies of the comparisons among ge-
netic group effects. The accuracies of the EBV within
genetic group and EBV across genetic group were some-
times different; for example, carcass conformation in
Belgian Blue had an average accuracy within genetic
group of 0.69 compared with an average accuracy across
genetic group of 0.89. This suggests that the accuracy
of genetic groups should be taken into account when
publishing EBV across genetic groups.
genetic evaluations using BLUP assume homogeneous
means in founders, the accuracy and bias of an EBV
are the correlation and difference between the EBV
and its corresponding true value, respectively.
To account for heterogeneous means in founders,
genetic groups in the relationship matrix are used in
BLUP models (Westell et al., 1988). Such models are
common in within-breed (Phocas and Laloe, 2004),
across-breed (Sullivan et al., 1999), and international
(Schaeffer, 1994) evaluations. In these circumstances
the accuracy of an EBV across genetic group depends
on the accuracy of the estimated genetic group effects
and the EBV within genetic group, and any sampling
covariances among these effects (Van Vleck et al.,
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1992). Bias in estimated genetic group effects or EBV
within genetic group may bias EBV across genetic
group and may be due to sampling covariances
among these.
Ideally the exact method would be used to calculate
the accuracy of EBV within or across genetic group.
Because this is infeasible in most national data sets,
several methods to approximate accuracy within ge-
netic group have been developed. These give biased
approximations for certain data structures (e.g., Tier
and Meyer, 2004). Unbiased approximations of accu-
racy within genetic group can be calculated using sam-
pling (Garcia-Cortes et al., 1995; Fouilloux and Laloe,
2001). No method exists to approximate accuracy
across genetic group and methods exist only to calcu-
late retrospective bias (Reverter et al., 1994).
The aim of this work was to extend the sampling
method to evaluate genetic group effects and EBV
within and across genetic groups, in terms of accuracy
and bias, and to use this method to evaluate the Irish
multiple-breed beef cattle data set.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not
obtained for this study because no animals were used;
rather, only an existing database was used (The Irish
Cattle Breeding Federation Database).
Accuracy of an EBV is calculated as the correlation
between the EBV and its corresponding true breeding
value. Bias is calculated as the difference between the




√var (uwgi) var (uˆwgi)
and
biaswgi = uwgi −uˆwgi,
where rwgi is the accuracy of the EBV within genetic
group (uˆwgi) and uwgi is the true breeding value within
genetic group. Using a sampling process, the variances
and covariances required for rwgi can be estimated from
the empirical distribution of uˆwgi and uwgi (Fouilloux
and Laloe, 2001), and bias can be detected using the
mean error across all samples.
When genetic groups are used in the relationship
matrix, uagi = bi + uwgi and uˆagi = bˆi + uˆwgi, where uagi
is the true breeding value across genetic group and bi is
the true genetic group effect for animal i. The sampling
method can be extended to account for this and for
accuracy and bias of bˆi and uˆagi, and comparisons
among different bˆi and uˆagi can be calculated.
Methodology
Simulation of True Genetic Values. In a genetic
evaluation model with genetic groups, all animals in
the pedigree trace to a founder genetic group. A matrix,
B, of dimension g × n, of founder mean values for each
genetic group g represented in the pedigree values for
each of the n traits, is simulated. For each trait, the
founder mean values for each genetic group are simu-
lated from a normal distribution with a mean of zero
and a variance equal to the breed variance for that
trait in the population under analysis.
For each animal i in the pedigree, a vector
uagi = bi + uwgi of true breeding values for each of n
traits is simulated, dependent upon the status of i’s
parents j and k. If both j and k are unknown, then
each element in bi is given the average of its founder
genetic groups and each element of uwgi is simulated
as LGz. LG is obtained by Cholesky decomposition of
VG, the genetic covariance matrix of the traits, and z
is a multivariate random-sampled vector with a mean
of zero and a covariance matrix I.
If one parent, say j, is known, then bi is given the
average of the genetic group value of the known par-
ent, bj, and the founder genetic group value for the
unknown parent, Bg, and uwgi = 0.5(uj)
+ √0.75 (LGz). If both parents j and k are known, then
bi is taken to be the average of bj and bk, and uwgi =
0.5 (uj) + 0.5 (uk) + √0.5 (LGZ). This results in a matrix
of true breeding values with a distribution
N(Qm, A ⊗ VG), whereQ is an incidence matrix relat-
ing animals to m, the means of the founder genetic
groups of which they are composed, and A is the rela-
tionship matrix between all animals in the pedigree.
Simulation of Phenotypic Values. A vector yi of
phenotypic values for each trait is generated for each
animal i as yi = uagi + ei, where ei = LEz is a vector
of random residual values for each trait, and LE is
obtained by Cholesky decomposition of VE, the resid-
ual covariance matrix for the traits. Values of fixed
effects do not affect the distribution of random vari-
ables (Garcia-Cortes et al., 1995) and are simulated
with values of zero.
Estimation of Genetic Group Values and Breed-
ing Values. Mixed model equations are set up using
genetic groups in the relationship matrix and appro-
priate fixed effects and solved to obtain estimated ge-
netic group values and EBV across genetic group. The
EBV within genetic group are obtained by subtracting
estimated genetic group values, weighted by the ap-
propriate breed composition, from the EBV across ge-
netic group.
Sampling Process and Calculation of True Accu-
racies. The whole process is repeated several times,
and the accuracy of the genetic group effects, the accu-
racy of the EBV within genetic group, the accuracy of
the EBV across genetic group, and the accuracies of
comparisons among the different genetic groups are
calculated as the correlations between the true and
estimated values across all of the replicates. Bias in
these estimates is calculated as the average of the
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Figure 1. Confidence intervals for different numbers of
replicates for different levels of accuracy.
differences in the true and estimated values across
all of the replicates. As the number of replications
increases, estimates of accuracy and bias converge to
their true values. To determine the number of repli-
cates required to negate the effects of sampling error,
confidence intervals for different values of true accu-
racy for different numbers of replicates were calcu-
lated using Fisher z transformations (Figure 1). As
the true accuracy was reduced, the confidence interval
increased. As a compromise between computing time
and sampling error, we deemed 350 replicates to be
sufficient, because the confidence interval varied be-
tween 0.002 and 0.104.
Application to Data
This method was applied to the Irish multiple-breed
beef cattle data set used for the January 2007 routine
Table 1. Number of purebred AI sires of each breed, total number of records, and average number of records per AI
sire for each of the traits for each of the 7 breeds1 with the most AI sires in the Irish Cattle Breeding Federation database
Group1
All breeds AA BB CH HE HO LI SI
Number of
purebred AI sires 194 210 374 251 1,156 277 223
No. of records Average numbers of records per sire per breed
All traits 493,092 269.64 323.46 450.43 79.16 267.30 700.94 224.53
Carcass weight 304,888 71.73 88.74 17.45 16.91 77.54 35.64 14.73
Carcass conformation 304,589 71.69 87.80 17.37 16.88 77.53 35.60 14.72
Carcass fatness 304,345 71.68 87.70 17.32 16.88 77.44 35.54 14.71
Cull cow BW 65,000 2.69 3.57 1.64 0.75 29.08 2.28 1.35
Weaning weight 52,162 6.16 7.13 27.36 5.98 1.46 23.24 15.43
Live BW 59,045 10.42 9.38 28.26 8.51 3.34 25.44 16.23
Feed intake 2,491 0.26 0.18 1.10 0.19 0.00 2.59 2.00
Development of hindquarter 80,473 5.60 6.42 49.22 1.92 0.16 78.78 21.31
Height at withers 80,456 5.60 6.41 49.17 1.92 0.16 78.79 21.30
Length of back 79,377 5.06 5.90 48.68 1.82 0.10 77.49 21.17
Length of pelvis 71,933 3.56 2.83 46.08 1.75 0.08 73.03 19.17
Loin depth 80,405 5.60 6.41 49.12 1.92 0.16 78.70 21.30
Width at withers 71,900 3.57 2.83 46.05 1.75 0.08 72.97 19.17
Width behind withers 79,334 5.06 5.90 48.64 1.82 0.10 77.47 21.14
Calf quality 6,633 0.97 2.25 2.95 0.17 0.07 3.37 0.78
1AA = Aberdeen Angus, BB = Belgian Blue, CH = Charolais, HE = Hereford, HO = Holstein, LI = Limousin, and SI = Simmental.
national genetic evaluation, which evaluated the di-
rect genetic effects for 15 traits using data on purebred
and crossbred animals of 35 breeds, of which 8 breeds
dominated. Maternal effects are currently not included
in the Irish beef genetic evaluation due to data limita-
tions. Of the 15 traits, 8 (carcass weight, carcass con-
formation, carcass fatness, cull cow BW, weaning
weight, live BW, feed intake, and calf quality) were
breeding goal traits, and 7 were correlated linear type
traits included as predictors. Most of the 493,092 ani-
mals with records on at least one trait had information
only on subsets of traits (Table 1), with different breeds
tending to have records on particular subsets of traits.
Most of the information for some breeds and traits
came from crossbreds; for others, it came from pure-
breds. For example, data on carcass weight, conforma-
tion, and fatness were dominated by Holsteins. Data
for these traits in most of the other breeds were from
the offspring of sires of these other breeds and Holstein
dams. Feed intake was primarily recorded on purebred
sires of terminal sire breeds at a central performance
test station under carefully controlled data recording
and environmental conditions. Linear type traits were
primarily recorded on purebred Charolais and Limou-
sin. With the exception of the feed intake and some
weaning and live BW records, all data were recorded
under field conditions.
Fifteen genetic groups were defined, 1 for each of
the 14 most-numerous breeds and 1 for the remaining
breeds. The matrix B was simulated with each trait
having a mean of zero and a variance that was set
equal to the variance of the genetic group solutions
from the January 2007 routine evaluation (Table 2).
The VG and VE from the same evaluation were also
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Table 2. Breed (σb2), additive genetic (σa2) and residual
(σe2) variance used to generate true breeding values for
the 15 traits
Trait σb2 σa2 σe2
Carcass weight, kg 478.08 468.00 406.00
Carcass conformation, units 1.30 0.97 0.68
Carcass fatness, units 0.56 0.49 1.08
Cull cow BW, kg 536.15 448.00 664.00
Weaning weight, kg 59.47 1,040.00 1,312.00
Live BW, kg 361.84 2,141.00 2,078.00
Feed intake, units 0.07 0.33 0.34
Development of hindquarter, units 0.50 0.49 0.99
Height at withers, units 0.05 0.28 0.49
Length of back, units 0.07 0.18 0.41
Length of pelvis, units 0.03 0.16 0.41
Loin depth, units 0.27 0.47 1.21
Width at withers, units 0.16 0.62 1.17
Width behind withers, units 0.29 0.51 0.98
Calf quality, € 127.78 160.00 240.00
used (Table 2 and Table 3). Only animals having a
phenotypic value for a trait in the January 2007 rou-
tine evaluation were given a simulated phenotypic
value.
Accuracy and bias of estimated genetic group effects
and of the comparisons among genetic groups, and
accuracy of the EBV within genetic groups and of the
EBV across genetic groups were calculated for sires
recorded as AI sires in the Irish Cattle Breeding Feder-
ation database.
Computation was carried out on several computers,
one of which was a 64-bit PC, with a 2.40-GHz, AMD
Operaton dual-core processor, and 8 gigabytes of RAM.
A program was written in Fortran 90 to simulate the
true breed effects, true breeding values, and pheno-
types. Mixed model equations were solved using a ver-
Table 3. Heritabilities (on the diagonal), genetic correlations (above the diagonal), and residual correlations (below
the diagonal) used to simulate true breeding values for the 15 traits1
Carc Carc Carc Cull Wean Live Feed Dev Ht Len Len Loin Width at Width b Calf
Trait Wt Conf Fat Wt Wt Wt Int Hq With Back Pelv Depth With With Qual
Carc Wt 0.54 0.49 −0.29 0.57 0.35 0.41 0.46 0.53 0.60 0.63 0.64 0.63 0.59 0.60 0.15
Carc Conf 0.31 0.59 −0.16 0.04 −0.09 −0.06 −0.09 0.58 −0.02 0.07 0.13 0.55 0.49 0.54 0.40
Carc Fat −0.01 0.01 0.31 −0.65 −0.34 −0.30 0.20 −0.49 −0.24 −0.30 −0.29 −0.50 −0.42 −0.40 −0.20
Cull Wt 0.00 0.00 0.00 0.40 0.45 0.57 0.36 0.39 0.48 0.56 0.46 0.47 0.29 0.37 0.00
Wean Wt 0.28 −0.06 −0.03 0.20 0.44 0.92 0.59 0.64 0.68 0.68 0.62 0.71 0.64 0.69 0.20
Live Wt 0.30 −0.05 0.03 0.30 0.73 0.51 0.71 0.65 0.67 0.69 0.65 0.69 0.66 0.70 0.20
Feed Int −0.02 −0.62 0.44 0.00 0.42 0.59 0.49 0.37 0.66 0.57 0.61 0.43 0.40 0.44 0.00
Dev Hq 0.19 0.12 −0.04 0.16 0.38 0.41 0.22 0.33 0.49 0.54 0.57 0.92 0.83 0.88 0.50
Ht With 0.34 −0.05 −0.03 0.20 0.44 0.46 0.32 0.24 0.36 0.94 0.94 0.58 0.55 0.58 0.00
Len Back 0.29 0.02 0.00 0.23 0.41 0.43 0.27 0.25 0.67 0.31 0.94 0.65 0.60 0.66 0.00
Len Pelv 0.23 −0.04 0.01 0.20 0.36 0.38 0.24 0.28 0.60 0.56 0.28 0.66 0.67 0.66 0.00
Loin Depth 0.18 0.07 0.04 0.16 0.40 0.43 0.30 0.51 0.31 0.33 0.33 0.28 0.89 0.93 0.30
Width at With 0.22 0.07 0.03 0.17 0.39 0.45 0.24 0.49 0.30 0.32 0.33 0.51 0.35 0.94 0.35
Width b With 0.19 0.05 0.01 0.16 0.41 0.45 0.26 0.54 0.35 0.33 0.35 0.56 0.68 0.34 0.50
Calf Qual 0.15 0.40 −0.20 0.00 0.20 0.20 0.00 0.50 0.00 0.00 0.00 0.30 0.35 0.50 0.40
1Carc Wt = carcass weight, Carc Conf = carcass conformation, Carc Fat = carcass fatness, Cull Wt = cull cow BW, Wean Wt = weaning
weight, Live Wt = live BW, Feed Int = feed intake, Dev Hq = development of hind quarter, Ht With = height at withers, Len Back = length
of back, Len Pelv = length of pelvis, Width at With = width at withers, Width b With = width behind withers, and Calf Qual = calf quality.




On the 64-bit PC, 4 replicates could be run simulta-
neously in 462 min, with the solving of the mixed model
equations taking 98.6% of this time. All 350 replicates
could have been completed on this machine in 674 h.
Bias and Accuracy of Estimated Effects
Results presented here cover the 7 numerically most
important breeds in the data set for 6 breeding goal
traits. Results are not presented for the minor breeds,
for the linear type traits, or for carcass weight and
carcass fatness. Carcass weight and carcass fatness
have data structure almost identical to carcass confor-
mation, with any differences in accuracy and bias be-
ing due to differences in relevant variance components
and correlations. Accuracy and bias of estimated ge-
netic group values, of the comparisons between differ-
ent estimated genetic group values, and of EBV within
genetic group and across genetic group of AI sires
are presented.
Bias and Accuracy of Genetic Group Effects.
Small biases in the estimated genetic group effects
were observed for most traits (Table 4). When ex-
pressed as a percentage of the phenotypic SD of the
traits involved, most of these were not important (Ta-
ble 2) and only in 3 cases were the biases significantly
different from zero (P < 0.05): carcass conformation for
the Simmental genetic group, and calf quality for the
Belgian Blue and Hereford genetic groups. For carcass
conformation the bias ranged from 0.00 to 1.63% of
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Table 4. Mean bias across 350 replicates, expressed as a percentage of the phenotypic SD
of the trait, of estimated genetic group effects for the 7 numerically most important genetic
groups1 for 6 breeding goal traits
Group
Trait AA BB CH HE HO LM SI
Carcass conformation 0.78 0.00 0.78 0.00 0.00 0.00 1.632
Cull cow BW 1.20 4.38 3.66 0.33 −0.48 −2.67 2.16
Weaning weight 1.59 1.26 1.46 1.20 −1.38 0.62 0.49
Live BW 0.85 −0.49 0.28 1.05 1.19 0.88 0.60
Feed intake 2.44 1.22 0.00 −3.67 −1.22 0.00 −1.22
Calf quality 5.70 4.862 1.55 −10.312 1.50 0.20 5.85
1AA = Aberdeen Angus, BB = Belgian Blue, CH = Charolais, HE = Hereford, HO = Holstein, LI = Limousin,
and SI = Simmental.
2Different from zero (P < 0.05).
the phenotypic SD. Calf quality was an exception. It
displayed much more bias than the other traits, rang-
ing from −10.31 to 5.85% of the phenotypic SD across
the different estimated genetic group effects.
Large differences were observed in the accuracy of
the genetic group effect for different breeds and traits
(Table 5). For some traits the genetic group effects
were well estimated [e.g., carcass conformation in all
breeds (>0.97)], for others they were moderately esti-
mated [e.g., weaning weight in Aberdeen Angus (0.50),
cull cow BW in Charolais (0.53), feed intake in Limou-
sin (0.46)], and for some they were poorly estimated
[e.g., feed intake in Holstein (0.02), calf quality in Sim-
mental (0.26)]. The accuracy of the genetic group effect
was related to the numbers of records for that trait
within that genetic group and to the numbers of re-
cords on crossbred animals with part of their ancestry
within that genetic group. As the numbers of records
increased, the accuracy of the genetic group effect in-
creased. In Holsteins, carcass conformation averaged
77.53 records per sire and the accuracy of the genetic
group effect was 0.99, whereas feed intake had no re-
cords for this breed and the accuracy of the genetic
group effect was 0.02. However, this relationship was
not directly proportional and was offset by the differing
information content in the records of the different
breeds (Figure 2).
Table 5. Accuracy of estimated genetic group effects for the 7 numerically most important
genetic groups1 for 6 breeding goal traits
Group
Trait AA BB CH HE HO LM SI
Carcass conformation 0.99 0.99 0.99 0.99 0.99 0.99 0.97
Cull cow BW 0.62 0.76 0.53 0.61 0.97 0.47 0.51
Weaning weight 0.50 0.68 0.61 0.54 0.26 0.57 0.55
Live BW 0.87 0.89 0.94 0.90 0.86 0.92 0.92
Feed intake 0.16 0.21 0.31 0.16 0.02 0.46 0.41
Calf quality 0.39 0.77 0.55 0.40 0.42 0.42 0.26
1AA = Aberdeen Angus, BB = Belgian Blue, CH = Charolais, HE = Hereford, HO = Holstein, LI = Limousin,
and SI = Simmental.
Bias and Accuracy of Comparisons Among Ge-
netic Group Effects. Small biases were observed in
the estimated comparisons between the different
breed groups for most traits (Table 6). When expressed
as a percentage of the phenotypic SD of the traits
involved, most of these were not important, and these
biases were only significantly different from zero (P <
0.05) in 8 instances: comparisons for live BW between
Belgian Blue and each of Aberdeen Angus, Hereford,
Holstein, and Limousin and comparisons for calf qual-
ity between Hereford and each of Aberdeen Angus,
Belgian Blue, Holstein, and Simmental. There was
some disparity between bias in the estimates of indi-
vidual genetic group effects and bias in the estimates
of comparisons between genetic groups. For example,
even though the estimated genetic group effect for Bel-
gian Blue was significantly biased (4.86% of the pheno-
typic SD) in the case of calf quality, the comparisons
between Belgian Blue and all other breeds with the
exception of Hereford were not biased. Carcass confor-
mation in the Simmental genetic group showed a simi-
lar pattern.
Large differences were observed in the accuracy of
estimated comparisons between different genetic
group effects for different traits (Table 7). For carcass
conformation (>0.97) and live BW (>0.92) the accuracy
of comparison between all genetic groups was always
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Table 6. Mean bias across 350 replicates, expressed as a percentage of the phenotypic SD
of the trait, of estimated comparisons between genetic group effects for the 7 numerically
most important genetic groups1 for 6 breeding goal traits
Carcass Cull Weaning Live Feed Calf
Breed1 Breed conformation cow BW weight BW intake quality
AA BB 0.78 −3.18 0.33 1.332 1.22 0.90
AA CH 0.00 −2.46 0.12 0.57 2.44 4.20
AA HE 0.78 0.90 0.39 −0.22 4.89 16.012
AA HO 0.78 1.68 2.97 −0.35 3.67 4.20
AA LM 0.78 3.87 0.97 −0.03 2.44 5.50
AA SI 0.00 −0.96 1.11 0.23 2.44 −0.10
BB CH −0.78 0.72 −0.23 −0.75 1.22 3.30
BB HE 0.00 4.08 0.06 −1.542 4.89 15.162
BB HO −0.78 4.86 2.64 −1.682 2.44 3.30
BB LM −0.78 7.05 0.64 −1.372 1.22 4.65
BB SI −1.56 2.22 0.76 −1.09 2.44 −1.00
CH HE 0.78 3.33 0.29 −0.79 3.67 11.85
CH HO 0.78 4.14 2.85 −0.92 1.22 0.00
CH LM 0.78 6.33 0.87 −0.62 0.00 1.35
CH SI 0.00 1.50 0.99 −0.34 1.22 −4.30
HE HO 0.00 0.78 2.58 −0.14 −1.22 −11.812
HE LM 0.00 3.00 0.58 0.17 −3.67 −10.50
HE SI −0.78 −1.83 0.70 0.45 −2.44 −16.162
HO LM 0.00 2.19 −2.00 0.31 −1.22 1.30
HO SI −0.78 −2.64 −1.88 0.59 −1.22 −4.30
LM SI −0.78 −4.83 0.12 0.28 1.22 −5.65
1AA = Aberdeen Angus, BB = Belgian Blue, CH = Charolais, HE = Hereford, HO = Holstein, LI = Limousin,
and SI = Simmental.
2Different from zero (P < 0.05).
high. For weaning weight it ranged from moderately
low (0.31) to moderately high (0.80). For feed intake
the accuracy of the comparisons among the different
genetic groups ranged from very low (0.06) to moderate
(0.44). Large differences also existed in the accuracy
of estimated comparisons between individual genetic
groups and other genetic groups. For example, the
Figure 2. Accuracy of estimated genetic group effect
compared with the number of records of offspring with
sires in each of the genetic groups for 6 genetic groups
(Aberdeen Angus, Belgian Blue, Charolais, Hereford, Li-
mousin, and Simmental) and 2 traits (cull cow weight
and calf quality).
accuracy of comparisons between Aberdeen Angus and
other breeds for cull cow BW varied from 0.54 (compar-
ison with Limousin) to 0.83 (comparison with
Holstein).
Accuracies of EBV Within Genetic Group and
Across Genetic Group. Average accuracy of EBV
within genetic group and average accuracy of EBV
across genetic group for sires recorded as AI sires in
the ICBF database for the 7 numerically most im-
portant breeds for 6 of the breeding goal traits are
given in Table 8.
Average accuracy of EBV within genetic group
ranged from 0.29 for calf quality in Hereford to 0.83
for carcass conformation in Holstein. Although traits
with large numbers of records per sire in the different
breeds tended to have greater average accuracy of EBV
within genetic group, traits with few records per sire
did not always have lower average accuracy of EBV
within genetic group, because of the use of correlated
traits in the evaluation. For example, average num-
bers of records per Holstein sire for weaning weight
was 1.46, for live BW was 3.34, and for feed intake
was zero, yet their respective average accuracy of EBV
within genetic group were similar: 0.62, 0.67, and 0.65.
Average accuracies of EBV across genetic group
ranged from 0.20 for calf quality in Simmental to 0.93
for carcass conformation in Holstein and were depen-
dent upon the accuracy of the estimated genetic group
effect and accuracy of EBV within genetic group. The
accuracy of EBV across genetic group may benefit or
suffer from having high or low accuracy of the esti-
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Table 7. Accuracies of within trait breed comparisons among 7 breeds for 6 breeding
goal traits
Carcass Cull Weaning Live Feed Calf
Breed1 Breed conformation cow BW weight BW intake quality
AA BB 0.99 0.76 0.73 0.95 0.23 0.61
AA CH 0.99 0.56 0.61 0.96 0.19 0.34
AA HE 0.99 0.65 0.67 0.95 0.17 0.44
AA HO 0.99 0.83 0.39 0.92 0.12 0.39
AA LM 0.99 0.54 0.63 0.96 0.28 0.34
AA SI 0.99 0.63 0.65 0.96 0.32 0.35
BB CH 0.99 0.65 0.76 0.97 0.27 0.61
BB HE 0.99 0.71 0.71 0.96 0.17 0.54
BB HO 0.99 0.89 0.48 0.94 0.10 0.68
BB LM 0.99 0.60 0.80 0.97 0.34 0.53
BB SI 0.97 0.69 0.74 0.97 0.38 0.42
CH HE 0.99 0.52 0.63 0.97 0.25 0.43
CH HO 0.99 0.76 0.38 0.95 0.06 0.44
CH LM 0.99 0.41 0.68 0.98 0.34 0.31
CH SI 0.99 0.53 0.64 0.98 0.36 0.31
HE HO 0.99 0.81 0.31 0.95 0.11 0.40
HE LM 0.99 0.46 0.64 0.97 0.26 0.34
HE SI 0.98 0.66 0.67 0.97 0.31 0.30
HO LM 0.99 0.71 0.37 0.95 0.11 0.33
HO SI 0.99 0.80 0.36 0.95 0.14 0.33
LM SI 0.97 0.42 0.67 0.98 0.44 0.24
1AA = Aberdeen Angus, BB = Belgian Blue, CH = Charolais, HE = Hereford, HO = Holstein, LI = Limousin,
and SI = Simmental.
mated genetic group effects or from having high or low
accuracy of EBV within genetic group. For example,
average accuracy of EBV within genetic group for car-
cass conformation (0.77) and weaning weight (0.79) in
Limousin have similar values, but the large differ-
ences in the values of the accuracy of the estimated
genetic group effect for these traits (carcass conforma-
tion: 0.99, weaning weight: 0.57) create large differ-
ences in average accuracy of EBV across genetic group:
0.90 and 0.75.
DISCUSSION
The quality of genetic evaluations when genetic
groups are included in the relationship matrix was
assessed. Accuracy and bias of estimated genetic group
effects and of the comparisons among estimated ge-
netic group effects were evaluated, and the accuracy
Table 8. Average accuracy of EBV within genetic group (rwg), and EBV across genetic group (rag) for AI sires of the
7 numerically most important breeds1 for 6 breeding goal traits
AA BB CH HE HO LM SI
Trait rwg rag rwg rag rwg rag rwg rag rwg rag rwg rag rwg rag
Carcass conformation 0.69 0.88 0.69 0.89 0.71 0.89 0.64 0.89 0.83 0.93 0.77 0.90 0.68 0.89
Cull cow BW 0.60 0.63 0.59 0.70 0.61 0.62 0.57 0.59 0.78 0.91 0.67 0.59 0.64 0.59
Weaning weight 0.60 0.57 0.61 0.60 0.75 0.71 0.60 0.57 0.62 0.57 0.79 0.75 0.75 0.71
Live BW 0.62 0.68 0.63 0.69 0.77 0.80 0.62 0.69 0.67 0.72 0.81 0.83 0.76 0.80
Feed intake 0.57 0.35 0.58 0.37 0.65 0.51 0.55 0.34 0.65 0.46 0.71 0.61 0.66 0.57
Calf quality 0.34 0.30 0.35 0.50 0.40 0.36 0.29 0.28 0.40 0.34 0.50 0.35 0.37 0.20
1AA = Aberdeen Angus, BB = Belgian Blue, CH = Charolais, HE = Hereford, HO = Holstein, LI = Limousin, SI = Simmental.
of EBV within genetic group and of EBV across genetic
group were calculated. When applied to Irish data the
method helped to estimate accuracy and bias of breed-
ing values and to identify weaknesses and strengths
in the current data recording and evaluation system.
Accuracy of EBV Across Genetic Group
The accuracy of EBV across genetic group of an ani-
mal was determined by the accuracy of the estimated
genetic group effects of the genetic groups that consti-
tute an animal and the animal’s accuracy of EBV
within genetic group. The relative importance of these
2 components depended on the ratio of breed to genetic
variance, the accuracy with which these components
are estimated, and the sampling covariances among
the genetic group effects and among the animal’s indi-
vidual genetic effect and the genetic group effects.
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Where there is poor partitioning of these effects, the
sampling covariances among them may become im-
portant.
The accuracy of the estimated genetic group effect
and the accuracy of EBV across genetic group provide
information about how well these effects are estimated
for individuals. However, as selection decisions involve
comparing alternatives, the accuracy of comparisons
among these effects may be more important. Publish-
ing the accuracies of every pair-wise comparison would
be cumbersome under the current system, in which an
active bull list of the top 75 sires for total beef merit
is published in Ireland. Web-based delivery of sire
breeding advice as part of customized selection indices
(Garrick, 2005) would make the delivery of these accu-
racies feasible.
Advantages of the Methodology
The quality of genetic evaluations depends on the
quality of the data used in the analysis and on the
quality of the model used to analyze it. The quality of
models can be assessed with goodness-of-fit tests such
as the R2, Akaike (Akaike, 1973), and Bayesian
(Schwarz, 1978) information criterion, or based on the
predictive ability of models by estimating effects on a
randomly selected portion of the data and then using
these estimated effects to predict records for the re-
maining data (e.g., Stone, 1974; Perez-Enciso et al.,
1993; Olesen et al., 1994; Urioste et al., 2003).
Assessing the quality of the data involved in genetic
evaluations has received less attention than the as-
sessment of the quality of models, and the methods
developed do not provide complete assessment. Cur-
rent methods to check data quality use basic statistics,
determine the consistency of results and sire variances
from consecutive evaluations, check for trends in Men-
delian sampling (Klei et al., 2002), or approximate the
accuracy of individual EBV within genetic group (e.g.,
Tier and Meyer, 2004). These generate summary sta-
tistics that are difficult to interpret, or give incomplete
assessment, or fail to account for all of the issues
known to affect data quality. Data mining techniques
are being developed to assess data quality in genetic
evaluations (Banos et al., 2003), but although these
promise undoubtedly powerful insights, they require
specialist training.
The sampling method used in this study assesses the
data quality in genetic evaluations using statistical
parameters and techniques with which practitioners
of animal breeding are familiar. It takes full account
of issues influencing data quality, such as effective
numbers of direct and correlated records contributing
to an animal’s EBV, any number of fixed effects each
with any number of levels, missing records, and con-
nectedness among animals and sub-populations.
In addition, the sampling method can be used to
assess a breeding program in terms of its potential to
provide genetic improvement. Deterministic methods
can be used to predict the genetic gain within a breed-
ing program (Wray and Hill, 1989) and these have
been expanded to situations involving crossbred as
well as purebred data (e.g., Bijma and van Arendonk,
1998). However, deterministic methods have some
drawbacks. The sampling approach used in this study
can take full account of the structure existing in the
data to determine the accuracy of EBV. The accuracy
of EBV are proportional to the potential of response to
selection (Falconer and Mackay, 1996). In a breeding
program involving multiple genetic groups, response
to selection is affected by both the accuracy of EBV
within genetic group and the accuracy of EBV across
genetic groups. Although the accuracy of EBV within
genetic group may be acceptable (e.g., for feed intake
in Holstein due to correlated information) and genetic
gain can be made within a breed, the accuracy of the
estimated genetic group effect, and, consequently, the
accuracy of EBV across genetic groups may not be
acceptable and efficiency of across breed selection
would be reduced.
The sampling method allows alternative data re-
cording scenarios to be tested. Phenotypic records
could be simulated for animals in the pedigree that do
not have phenotypes in the real data to determine the
effect that recording this information would have on
the accuracy and bias of the estimated effects before
embarking on potentially expensive data recording.
By looking at areas of strength and weakness for the
different traits, suggestions could be made about
where the priorities lie for efforts to increase or de-
crease the effective numbers of records.
The sampling method calculates accuracy and bias
assuming that the true genetic model is used in the
evaluations. This is obviously a simplification of the
real genetic model and parameters are only estimated.
For example, in the Irish model no account is taken
of heterogeneity of variances in the different genetic
groups or of effects of nonadditive genetic variance.
Modeling of these effects is difficult because of the
number of parameters to be estimated and the quality
of the data needed for these estimations (e.g., Lutaaya
et al., 2002; Legarra et al., 2007). In addition, because
the method is based on BLUP, it does not account for
possible biases due to unrecorded selection or unre-
corded preferential treatment of animals. The true ac-
curacy and bias of genetic evaluations might therefore
be somewhat different from their calculated accuracy.
The computing required for this analysis was exten-
sive, especially for the calculation of accuracies for
routine genetic evaluations. However, several steps
can be taken to reduce the computing time required
and therefore allow routine application. Using more
modern breeding value estimation software could re-
duce the overall time requirements. Using MiX99 (Li-
dauer et al., 2006) compiled for a 64-bit PC, the mixed
model equations for each replicate could have been
solved in 366 min instead of the 462 min required
with PEST. To use this method to routinely assess the
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quality of genetic evaluations with genetic groups in
the relationship matrix, the seed number used in the
simulation and the solutions of the mixed model equa-
tions could be stored for each replicate. Then, for the
subsequent genetic evaluation, one could update the
files of simulated values with values simulated for new
records included since the previous genetic evaluation
and use the solutions of the matching replicate from
the previous genetic evaluation as starting values for
solving the mixed model equations. This study used
350 replicates to calculate accuracy and bias of esti-
mated effects. Using fewer replicates would have re-
duced the computing time. For animals with a true
accuracy of 0.50, reducing the number of replicates
from 350 to 200 would have only increased the 95%
confidence interval of their accuracy from 0.07 to 0.10
(Figure 1).
Bias and Accuracy of Estimated Effects
in the Irish Beef Cattle Population
The Irish multiple-breed beef cattle data set is ex-
tremely unbalanced. Certain breeds are only mated
with certain others, purebred data are unavailable for
certain breeds, and the amount of data recorded on
the different traits differs within breeds. In spite of
such imbalances the genetic evaluation model applied
to the Irish multiple-breed beef cattle population
allows the estimation of breed effects and comparisons
among breed effects without serious systematic bias.
The large differences in accuracy of the estimated ge-
netic group effects and in the accuracy of the compari-
sons among the genetic group effects reflect large dif-
ferences in the quality and quantity of the information
used to estimate these effects and comparisons. From
the results it is clear that some feed intake records
on Holstein animals are required to get a reasonable
estimate of the breed effect. The EBV within breed
are reasonably accurate due to correlated information;
hence, there is no need for continuous recording of
Holstein animals for feed intake. For the beef breeds
the focus should be on increasing the effective numbers
of records to improve the accuracy of estimated genetic
group effects and consequently the accuracy of EBV
across Limousin, Simmental, and Charolais breeds for
cull cow BW, and Aberdeen Angus and Hereford for
weaning weight. The calf quality trait exhibited more
bias than feed intake even though calf quality tended
to have more records per sire in the different breeds.
Feed intake was recorded on animals that were se-
lected for performance testing based on their EBV for
other traits. At the same time, performance testing
was done by comparing animals from different breeds
under equal circumstances. Calf quality was recorded
on commercial animals sold for export. Although these
were likely to be superior commercial animals, they
were not selected on the basis of the other traits re-
corded. Therefore, better correction was likely for se-
lective recording of feed intake compared with calf
quality.
In conclusion, a method was developed to assess the
quality of genetic evaluations in which animals from
different genetic groups are compared, in terms of ac-
curacy and bias of estimated effects and of comparisons
among effects. Accuracy of EBV within genetic group
and EBV across genetic group was very different in
some instances, with the differences due to the accura-
cies of the estimated genetic group effects. Further
theoretical work is required to quantify the effect of
the ratio of breed group variance to genetic variance
on the relative importance of the different components
contributing to the accuracy of EBV across genetic
group and to quantify the effect of sampling covari-
ances among these components. This method can be
used to calculate accuracy of multiple-breed EBV.
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